This paper describes the experiences of the Eastern Head Injury Study in creating a strategic regional head injury service framework using a collaborative action research methodology. The types of data, information and knowledge required to develop and support such a framework for both development and successful implementation are identified. This includes the identification of existing knowledge/information systems, variability and gaps in these and how the systems fit together, by a number of evidence-gathering and knowledge-sharing methods. The discussion debates the value of the action research approach and what principles are necessary in developing and maintaining knowledge networks. The project demonstrates that an understanding of the social learning cycle can help in understanding how the pieces fit together, and how the information systems need to be in place to provide the information (or data or knowledge) in the appropriate format, to make the learning possible.
INTRODUCTION
The Eastern Head Injury Group (EHIG) in the UK has created a strategic framework for regional head injury service provision and focuses on both development and effective implementation. This has required identification of the multiple and complex intra and intra-organisational information and knowledge systems in order to develop cross-sectoral strategies to include and integrate into a comprehensive knowledge-centred regional service framework for head injury. Understanding how knowledge is built and evidence gathered, interpreted and disseminated is crucial to understanding the changes needed to create such a framework.
The development of reliable, usable and transferable information/knowledge into a system that requires the co-operation of a wide range of professionals, including healthcare providers, planners and policy-makers, is difficult to implement. In order to turn strategy into results at organisational and macro-organisational level, collaborative action research was used as the most effective methodology in identifying and overcoming barriers to change in a multidisciplinary service such as head injury. The study focused on: a) improving the knowledge base available to planners, managers and providers to support improvements in head injury services b) changing the context in which knowledge is used to further improve and transform services c) establishing a head injury network to bring researchers and users of knowledge together. This paper discusses the type of data, information and knowledge required to support a regional framework for head injury service improvement, focusing on the action research approach used.
However, the weakness of this and other NHS initiatives for change is the lack of guidance on implementation. A report commissioned by the NHS Modernisation Agency [12] which reviewed progress of the NHS Plan halfway through its 10-year duration, concludes that "there is a need to strengthen the underpinning theoretical base of NHS improvement work" and that in general, NHS improvement activities are under conceptualised, and changes were started without due reflection. A report from the NHS Institute for Innovation and Improvement [13] states that 'the objective of transformational change is to not only influence processes, but to change mindsets, cultures, activities and organisational power bases.' Strategies for achieving change successfully often seem to maintain alignment but also, paradoxically, to pursue adaptability.
In discussing the development of the NHS, Peckham comments that the health service is decades behind service industries with regard to handling information. [14] The web of interconnected change currently taking place in the health service requires good communications within the organization: however communication both upward and downward in the NHS is imperfect, as are linkages across the service. An initiative in one location may not be known about even by other staff in the same organisation, and is even less likely to be known about elsewhere in the country.
Action research principles vary, but most emphasise the importance of participation and reflection, [15] and change is thus agreed on the basis of evaluated evidence. Lewin developed action research through analysis of group decision making and concluded that conforming to group norms provides a key force for change. [16] Lewin's stage model of action research parallels his theories of organisational change (unfreeze/plan; move/act; refreeze/reflect). Within the health sector action research initiatives include a wide range of work often involving nurses or therapists. [17 18 ] Such initiatives may be localised to a department or unit, and other theoretical perspectives may be useful when considering changes across larger geographical and more decentralised structures. Given the rate of change in NHS organisational structures, more useful perspectives might be those that focus less on particular organisations but more on the process of networking and the values involved (as defined by Castells [19] ). Chambers [20] identifies four core attributes of network to be diversity (and relationships, trust between diverse people), dynamism, democracy and decentralisation. Participatory action research shares some of these principles: 'a participatory, democratic process concerned with developing practical knowing.' [21] In information systems research, the concept of 'situated change' helps in understanding organisational transformation, to understand how small changes contribute to the process of incorporating new information systems into working practices. [22] Actor-network theory denies the existence of purely social or technical relations, and attempts to understand the innovation in information systems as a 'translation', examining how alliances and networks develop to support the innovation process. [23] In many ways this is similar in thinking to the Lewin force field model that examines the forces for and against change, and encourages actions that reduce the barriers to change and promote the enablers. The difference is that actor-network theory offers a research perspective that is open to the unexpected happening among the network associations. Participatory action research is a more active approach to promote change.
3.
OBJECTIVES/METHODS As a proactive response to recommendations for fundamental change in Head Injury service provision [24] a comprehensive mapping exercise was undertaken by the EHIG to see what head injury services were currently available locally and regionally, how seamlessly or otherwise that provision was linked, and to systematically assess the impact and implications of any changes. The aims were to:
1. Identify and evaluate existing formal and informal knowledge/ information systems. 2. Identify all stakeholders. Service provision to Head Injured patients is complex with multiple specialties, disciplines professions, organisations and sectors involved, as well as a diversity of disabilities in the patients. It is important to involve people from different agencies in the study, as each will bring a different perspective and knowledge.
3. Examine and understand how the systems fit together, including identifying gaps and variability in systems.
A number of information-gathering methods were used in a collaborative action research approach. These included: questionnaire surveys (3 cycles), semi-structured interviews (2 cycles) and service visits, that were both fact-finding and also assessed perceptions of the current service, audits, pilot studies, and evaluation studies. The evidence gathered in the questionnaires and interviews covered all stages of the patient care pathway and all aspects of service, including resources, management and existing information systems for each stage and for all categories of head-injured patient. Detailed data for statistics was obtained from a number of sources including A&E registers, Ward registers, patient notes, audit reports, ICD-10 coding reports, and Hospital Episode Statistics, and included patient demographics and details of the head injury. The comprehensive mapping of current service provision included current levels of capacity, paths, patient service provision, A&E attendances, acute admissions (short and long stays), long-term care/ rehabilitation arrangements, referrals and referral destination. Both quantitative and qualitative information/evidence was obtained, since evidence for sustainable planning and transformational change is complex, heterogeneous and from multiple and disparate sources. [25] Qualitative data illuminates processes and explores diversity.
The data collection and analysis were interlinked, but it was possible to identify three cycles of action research during the project (Figure 1) . One of the main roles of the researcher was to map provision, and act as the co-ordinator for the collection, analysis and reporting of information. Resulting from this comprehensive mapping [26] and description of processes, the next two phases of the project examined collaboration, to link the information and information systems, for meaningful discussions about possible improvements. At the same time there was emphasis on communication and co-ordination for knowledge sharing.
Several methods of knowledge-sharing were used to discuss issues and problems and plan for change and successful implementation, including: Multidisciplinary conferences and meetings (informal networking and formal presentation), workshops and focus/working groups (to include all stakeholders), study days, widespread dissemination (publication in wide range of journals), and a website as an information resource.
[27] As a result, a set of service planning and evaluation tools were collaboratively developed for the regional Head Injury Service.
The first three phases of the study identified barriers to and drivers for effecting change and a sustainable integrated regional strategy and service framework. The final phase of the study focused on implementation, and the aims focused on translating knowledge into practice for sustainable change, as well as supporting and developing the knowledge base, so that new staff, or groups new to the project could appreciate the whole systems approach and contribute to the changes. Implementation of changes in head injury services was based on prior experience in earlier phases of the project, as well as research evidence about the type of information format required to convince and engage other stakeholders. For example (Figure 2 ), active engagement with commissioners (primary care NHS trusts, strategic health authorities) required practical summaries, evaluations, evidence of cost-effectiveness. Personal contacts, and workshops were necessary. Business plans, action plans for change were based on relevant and timely data gathering for the observation ward project at two district general hospitals, and to make the case, through interpretation of the data collected, for additional consultant and nurse practitioner posts. Although information was sometimes collected for discrete project aims, the interpretation of that information provided evidence that contributed to the planning of other parts of the project. In the third phase of the project the rehabilitation service planning was based on the evidence coming from various other parts of the project.
The research and audit programme (e.g. on head injury transfers, delays to rehabilitation, CT scanning, NICE, Head Injury Standards and EHIG Rehabilitation Codes) required development of standards for the data [28] , and without that creation of new knowledge in the mapping the systems for future audit and research would have been very difficult. The project required an awareness of the challenges of change (Table 1) , particularly when dealing with changes imposed externally, such as the publication of the National Service Framework on Longterm Neurological Conditions. The change to the Canadian Rule for CT scanning represented a large, and possibly unwelcome change to current practice in the Region -a reactive stance towards external challenge was likely. The project response was to collect data to assess the impact of the change, in co-operation with staff at one hospital, and the adapted rule that was developed, could be viewed as a method to 'co-create joint problemsolving.' Workshops and meetings were frequent features of the work, and these provided opportunities not just for dissemination to clinical colleagues, but also 'time for rethinking and replanning together.' Potential continuing financial and other burden on health and other services: workforce, training and education, rehabilitation.
4.
FINDINGS The findings from the first phase of the study revealed various information and communication systems used in head injury care (Figure 3) . Examination of these revealed gaps, variability and the need for standardisation and clear systems. There were reservoirs of knowledge (people, groups, expertise, practices, technologies, reports, organisations) and these knowledge sources needed to be integrated, and the groups to be more interactive. The project was also coping with a wide range of types of knowledge, data, evidence, information, such as guidelines, standards, protocols, CPD/training/education, research and audit evidence, government reports and NHS initiatives, reports from professional bodies and the need for these to be implemented and evaluated.
The collaborative approach revealed the importance of understanding information-seeking behaviour and how this varies in different professional and organisational cultures, affecting interpretation and transfer of knowledge, how and for what purpose it is used, and different views of 'evidence' (levels, validity). It was important to be aware of the differences in use and perception of knowledge between cultural groups in order to implement change. Therefore the format in which information was presented ( Figure 2 ) was not just important, but essential to effective implementation.
The project collaboratively developed through an inclusive, iterative process, 'new' knowledgeadoption processes and planning tools to enable change to happen through networks, professional bodies and the mainstream leadership systems of the NHS. Whilst the project itself produced new knowledge, in the form of evidence for service planning, it was as much about the development of tools for future learning that would be productive for service improvement.
Tools included the development of head injury standards, using a whole systems approach, and based on a number of reports (e.g. the Galasko report [10] and later studies [29 30 31] ) These are designed as a planning and evaluation tool for service planners and providers [32 33 ] They support and contribute to the review of quality of services within the national strategic framework [34] and the Society of British Neurological Surgeons. [35] The standards cover resources, organisation, networks, communication, facilities, guidelines, and audit. The project had found gaps in the data available and the standards set out the agreed dataset, the risk assessment process, and the requirements for information systems to ensure regular production of clinically relevant reports to support clinical governance needs.
The latter part of the project involved the rehabilitation codes. (Figure 3) . A comprehensive set of rehabilitation codes help to map the key stages in recovery and rehabilitation for head injured patients. Each definition has a code, patient description, location(s) for that stage, and necessary level of rehabilitation input. The codification is linked to a set of maps showing the geographical provision of each component and also a flowchart of potential rehabilitation services. (Figure 4 ) They can facilitate the design of care pathways and assist in service planning for rehabilitation and follow-up by identifying gaps and variability in service provision and the likely numerical and fiscal demands on each component.
Co-ordination is crucial in provision of a service spanning specialties, organisations, and sectors. A framework for head injury coordination ( Figure 5 ) including an accountability structure, was therefore developed as a management tool for both planners and providers to assist in identifying gaps and variability and ensure integrated service provision. The template is flexible, allowing for diversity in local resources, and adaptation to local need.
5.
DISCUSSION Structured information such as standards, guidelines, care pathway maps, and coding systems can assist in standardising processes in a way that improves coordination between providers and sectors, incorporates research findings and/or expert opinion and provides a means of service evaluation by establishing a common language and practice, processes and consistency. There are two perspectives on this: the development of the framework of tools to assist staff within the organisation with the necessary learning, and the focus on the format of the information (or data or knowledge) required for learning. Knowledge management perspectives are sometimes limited to a focus on the information management plus the sharing of expertise, but a wider perspective is that of a knowledge ecology which covers the creation, discovering, learning, sharing, evaluation, diffusion, teaching, implementation, and redirecting of knowledge (both explicit and implicit) in a systematic, purposeful and scientific way. The impacts may be viewed at several levels on people, processes, products and performance and thus the approach covers the context, the interactions (personal for trust, as well as the formal information systems) that are necessary for translating information into actionable knowledge. [36] In this research consideration of the overall framework proceeded alongside consideration of the format and value of the information ( Figure 6 ). The problems of getting research into practice, the problems of a sustained dialogue between the research community and the policymakers are well known in the health sector [7 8 37] but finding and implementing the solution more difficult.
Some solutions, strategies and processes in this study were (Figure 7 ): 1. Enabling/facilitating communication between different groups to develop strategies that coordinate and streamline information systems (e.g. to improve information collection for audit, which resulted in value added to information for knowledge for decision making, and at the same time enhancing collaboration, providing learning for change) 2. Multidisciplinary, collaborative problem-focused activities that explicitly involved practitioners and policy makers working in meaningful partnership (emphasis on finding solutions to complex problems, but at the same time enhancing collaborative learning for future service improvement) 3. Working in contexts where the research needs to be used (informal communication, accepting and working with existing beliefs and values). The work also required development of mechanisms ( Figure 7) [8] to kick start a virtual cycle to share ideas, raise awareness, foster problem solving attitudes, and improve practice: 4. Development of networks to enable active and effective dissemination of research evidence to administrative and legislative decision-makers. 5. Development of 'new' structured knowledge frameworks to track systems, such as the standards and rehabilitation codes. Theses are important in a knowledge economy context because they can facilitate the interchange of information and knowledge and coordination across boundaries and between providers and sectors.
There was a strong emphasis on learning -both for the individuals and the groups involved, and the social learning cycle proposed by Boisot [10] helps to illustrate the way the different formats of information need to be in place to make the social learning cycle work. Personal tacit knowledge about a problem needs to be discussed starts off in the concrete, uncodified, and undiffused corner of the 'information space' cube ( Figure 8 ). Discussions are necessary to structure the problem, to make it 'codified' and to analyse it (making it more abstract). Data collection and analysis may result in a research report that represents codified, abstract, but still undiffused information. Publishing in a journal diffuses the findings but it is still not part of 'common sense' knowledge. That requires working on summaries for journals such as Health Services Journal, workshops to encourage individual and group learning, and a framework that encourages awareness and discussion of problems to enable the social learning cycle to operate.
One of the objectives of this study was to establish a framework for an effective head injury service spanning boundaries and disciplines. One of its strengths is in using collaborative action research. As a methodology, action research is well suited to dealing with the many challenges of participative or collaborative working, such as the conflicting views of different groups, resources, and the need to develop clear communication and information systems. Action research may be flexible, but there is a time cost involved in that, and the requirements for time, and extensive co-ordination to move through the action research cycle mean that action research rarely proceeds beyond one cycle. This project is unusual in demonstrating more than one cycle, and that might be attributed to the innovative leadership model which included the formation of a Head Injury Steering Group (Eastern Head Injury Group), the dedicated role of the Principal Researcher, and the purposeful development of a Regional Head Injury Network. The research programme was led by a unique partnership of academic researchers, practitioners, managers and commissioners, and thus ensured every issue aspect of the service was addressed by bringing together representatives from all stakeholders, including clinicians from all specialties responsible for the care of head injuries. Membership changed to reflect the stages of the research. The EHIG developed, co-ordinated and led the strategic planning of the study, also fulfilling the vital roles of enabling, facilitating and improving communication between a number of organisations, each with their own agenda, and co-ordinating collaborative action to prevent possible wasteful duplication. In this way, an informal but focussed network for Head Injury was developed allowing effective solutions to complex issues and problems.
Bate and Robert [7] suggest that the weaknesses of the NHS Collaboratives concerned: 1) a focus on data and information, rather than knowledge; 2) adaptation of knowledge rather than generation of knowledge; 3) an emphasis on evidence (explicit) rather than tapping experience; and 4) emphasis on the formal network rather than encouraging communities of practice. In short, a top-down approach may be counter productive, and the Collaboratives need to be more democratic, and to be self-organising. Actor-network theory emphasises the process of translation, and would lend itself to the study of the self-organisation and change. For this particular project, there was, however, a vision to be attained for improved head injury services, and the participatory action research perspective fitted the values of NHS staff involved. The information systems developed for the project fitted around what was there, of necessity perhaps, but staff were encouraged towards generation of knowledge both for themselves and for sharing with others. Much of the analysis and reflection required consideration of the ways in which barriers to change could be reduced, and how the levers for change could be promoted. This allowed the integration of new policy initiatives from Department of Health into the work of the project. For example, the introduction of the NICE guideline on Computerised Tomography (CT) scanning would have had major resource implications for the Region. A trial in one hospital led to the development of a modified 'Cambridge' protocol for CT scanning that follows the NICE guidelines, but has been modified for night-time periods. The development of the "Cambridge protocol" is an example of replacing current practice with a safe modified version to allow for resource limitations within individual departments, and one that is acceptable to other members of the network who have been kept informed about the developments. Case studies of management consultants working on knowledge transfer suggest that credibility is importantand that there are four dimensions to credibility. [38] These are the scientific credibility (accuracy of the data), the expertise of the communicator, the authority of the communicator, and the neutral stance of the communicator. In the Eastern Head Injury Framework work, there was an emphasis on obtaining, and generating accurate data, and information for planning. The coordinator role was key in providing a neutral, but authoritative perspective on the research, and that role has developed as the project progressed.
CONCLUSIONS
In the process of developing the regional framework for head injury, many information collection, analysis, dissemination and knowledge sharing activities were involved. The complexity of the exercise was akin to running a military campaign but without the advantage of expecting obedience to commands. Dealing with different professional groups requires a different set of skills, and the action research approach should help those involved to learn for themselves, and contribute to the knowledge base for the project. The action research approach provided a sound philosophical framework but there should be no illusions about the time and commitment required to proceed through the cycles. In this case the action research approach worked, and the knowledge network operates successfully, and future work is planned. This was, and is, a large project, and probably the main transferable lesson is the importance of good co-ordination, and the key role of a co-ordinator in liaison, setting up workshops, initiating discussions and doing much of the data collection and analysis involved. For projects with less time, that project management and co-ordination role is still vital but perhaps the main lesson is that the period of reflection and consideration is necessary before embarking on change. The data collection, analysis, and discussion within the setting are part of the process of engagement and awareness, a very necessary part of planning.
Many action research projects cannot proceed through the cycles as project resourcing levels are not adequate, or not sufficiently reliable to see the projects through more than one cycle. This project was fortunate in obtaining reasonably assured levels of funding throughout and that has probably been a factor in enabling the co-ordination and networking, and knowledge transfer.
Many initiatives to disseminate evidence and 'best practice' concentrate on the different formats, the different levels of evidence, but there is less emphasis on how these inter-relate and how each may contribute to enabling learning at individual and at group level. The project demonstrated that an understanding of the social learning cycle can help in understanding how the pieces fit together, and how the information systems need to be in place to provide the information (or data or knowledge) in the appropriate format, to make the learning possible. 
ACCIDENT & EMERGENCY

Data
Coded information: raw facts representing events occurring in organisations before it is organised /arranged into a form that can be understood and used.
Information
Data that has been processed into a form that is useful for decision-making and problem solving. Change in thinking, practice and culture seems to be stimulated by networking, sharing knowledge and experiences, amongst staff and across organisations and sectors, thus seeing the 'wider picture'. The increased education and information sharing released understanding and new perspectives on the situation and services. 
